Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE Abstract. Soil erosion by water is a well-known environmental problem. Urbanization is a worldwide trend, leading to a drastic change of land use forms in local areas, and change in soil erosion risks. This research analyzed the soil erosion risks in the past two decades of Zhuji County, which is located in hilly area of Southeast China and is experiencing fast urbanization process, to evaluate the influence of the urbanization on soil erosion using Revised Universal Soil Loss Equation (RUSLE). Land use maps were developed by using CLUEs (the Conversion and Land Use and its Effect at Small regional extent) model to estimate the soil erosion risk in 3 different urbanization scenarios of 2020. The results showed that, during 1984 to 2009, as the percentage of the urban and built-up area increased from 0.43% to 10.95%, though the extreme erosion value did not have a clear trend, from 1984 to 2004, the percentage of area with soil erosion risk higher than medium level kept increasing from 3.23% to 6.34%, the percentage of area with tolerable soil erosion risk was decreasing from 71.57% to 67.58%. The scenario analysis showed that the change of the urban and built-up area would change the soil erosion risk significantly, especially the high and severe level erosion risk. Higher than medium level soil erosion risk is 7.49% in Scenario 1 with 15.33% urban and built-up area, 8.63% in Scenario 2 with 18.86% urban and built-up area, and 13.07% in Scenario 3 with 25% urban and built-up area. And the buffer zone analysis of a highway in the county also showed that the soil erosion risk correlated with the size of urban and built-up area. These results indicated that Zhuji County needs to pay more attention when urbanize in hilly area since it leads to more severe erosion risk without prevention measurements. And policies should balance the preservation of the agriculture land and the potential soil erosion risk during urbanization process.
Introduction
Urbanization is a major trend all over the world. According to the world urbanization prospects, the population in the urban area was growing in a high speed. Until 2017, approximately 55% of the world population were urban residents. And United Nations estimated the urban percentage will reach 68% till 2050 (United Nations, 2018). Compared to developed regions, the rate of urbanization is even higher in developing regions. As one of the developing countries with big population and rapid growth, China has experienced drastic urbanization in recent two decades driven by the economic revolution. According to China statistic yearbook, 57.35% of the population was urban until 2016 and in the next 30 years, the urbanization speed will remain at a high level.
As is well recognized, rapid urbanization brings huge pressure on the natural resources and environment (Chen, years, and analyze the government policies' influence. This research will be useful to understand the impact of further development in the urbanizing areas and how to take effective prevention measurements, and can also provide guidance on erosion control for other less urbanized area in China.
Methodology

Study area
Zhuji County is located in the middle of Zhejiang province in the coastal area of Southeast China (Fig. 1) . The center of the county is located at 29.72N and 120.23E, covering 2311 km 2 area. The county belongs to Puyang River watershed, and has a typical subtropical monsoon climate characterized as hot and dry summer due to the subtropical anticyclone and generally cold and humid winter. The average precipitation and annual temperature are 1373.6 mm/year and 16.3℃, respectively. There are 27 administrative districts (villages and towns) in the county. In the past three decades since Chinese economic reform, Zhuji County has undergone a fast society and economic development. The population (and GDP (Gross Domestic Product)) increased from 0.94 million (248.35 million RMB (Renminbi)) in 1978 to 1.18 million (109906 million RMB) by 2016 (Stastical Bureau of Zhuji City, 2017). And the built-up area in the county expanded rapidly.
Soil characteristic
According to the general survey of soil (GSCC (General Soil Classification of China) system), there are 66 soil species in total in the study area. Red soil and paddy soil are dominant in this area (which in ST system belongs to Ultisols and Inceptisols. (OSD OSSD, 1998; Deckers et al., 2006) , which occupied 50.9% and 29.8% of the area respectively. And there is approximately 5.5% yellow soil (Alfisols), 5.1% purplish soil (Inceptisols) and 5.8% regosol. The soil map of the area is shown in Figure 4 (a. K factor).
Topography
The study area is located at the juncture of two hills. The east and west of the county is enclosure by hills, and between hills there is a valley plain of the Puyang River. The east hills, Kuaiji hills, divide the Puyang River watershed and Cao'e River watershed, while the west hills, Longmen hills, divide the Puyang River watershed and Fuchun River watershed. The elevation of whole area is declined from north to south with the highest place at 1194.6 m. The topography data were obtained from the DEM data which were from International Scientific & Technical Data Mirror Site with the resolution of 30 m.
RS data preparing
A 73-km 2 -reservoir in the county started to construct from 2013; it influenced the landscape and the local river system largely. So that we acquired the data until 2013, and sieved the data with cloud less than 5%, and the time step was set to 5 to 10 years in order to examine the effect of urbanization. As a result, the data from 1984 to 2009 were chosen as the research data. Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE Land use/cover data were classified from Landsat MMS image of the county for 1984, TM images for 1994, and ETM images for 2004 and 2009, all of which were obtained from Geospatial Data Cloud site, Computer Network Information Center, Chinese Academy of Sciences (http://www.gscloud.cn). The resolution was 30 m for TM and ETM images, and 80 m for MMS image. In this research, the land use types were mainly classified following Anderson level 1, which includes 1) Urban (including urban and built-up area), 2) Forest, 3) Agriculture (paddy land) 4) Agriculture (crop land), 5) bare land, and 6) water. As a result, there are 6 land use types in total in this study.
The reference land use data were land-use map of 1987 with scale of 1:300,000, map of 1991 with scale of 1:100,000, and map of 2005 with scale of 1:100,000. The classified results were also calibrated and revised by field verification. To verify the Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE 
RUSLE
The Revised Universal Soil Loss Equation (RUSLE) is a widely used empirical model for soil erosion estimation. It was originally proposed by Wischmeier and Smith (1965; Renard et al., 1991) in USA, known as universal soil loss equation (USLE). Since USLE was mainly based on the data from short and gentle slopes, it could not be applied in basins or watershed with complicated environments. Renard et al. (1997) improved the model to RUSLE by modifying the algorithm of factors, especially rainfall-runoff erosivity factor (R factor), slope length and steepness factor (LS factor), and cover-manage factor (C factor). The equation of the RUSLE is as follows (Eq. 1):
where A is average soil erosion amount per year (Mg ha -1 year -1 ), R is the rainfallrunoff erosivity factor (MJ mm ha -1 year -1 ), K is the soil erodibility factor (Mg h a MJ -1 mm -1 ), LS is topography factor (L is slope length factor and S is slope steepness factor), C is cover-management factor, and P is support practice factor.
R factor
R factor is used to quantify the rain-drop strike energy per year in the equation. There are several different algorithms to calculate R factor in using data in different precision, such as rain intensity in 30 min, precipitation amount per day, or precipitation amount per month. In this research, we used the model developed by Xinbo et al. (2001) in the same area (in Zhejiang Province) to calculate the R factor. The model uses daily data of precipitation amount while considering the difference of rainfall intensity among different seasons in one year. The equation is as follows (Eq. 2):
where Rj is the R value of the j month; Pk is the precipitation of the k day in the j month; P0 is the threshold of precipitation value, only Pk larger than P0 is calculated in the equation, in this research, the value of P0 is 12.7 mm; a, b are parameters, according to Xinbo et al. (2001) , based on the precipitation data from 1987 to 2000, a is 0.0043, b is 48.13. R value of the whole year is the sum of every month's R value.
Rainfall in the study area was interpolated from 19 rain gauge stations scattered in the Zhejiang Province in which 2 rain gauge stations were in the study area. The interpolation was conducted in using ordinary kriging method with spherical semivariogram model.
The result is as Figure 4c .
K factor
K factor is the indicator of the resistance of the soil to erosion by rainfall and runoff. It is mainly related to the physical properties of the soil, such as the particle Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE where SN = 1.0 -SAN / 100; SAN, SIL, CLA, and OM are the percentage of sand, silt, clay and organic matter in the soil, respectively. The data required to calculate K factor is obtained from the digital soil map of China, with the map scale 1:1,000,000. The result is as Figure 4a .
LS factor
LS factor is the indicator of the topography effect on soil loss. L factor quantifies the slope length effect while S factor quantifies the effect of the slope steepness.
S factor (Eqs. 
where  is the slope gradient (%). L factor was calculated by the method proposed by Desmet and Govers (1996) , in which the L factor of one grid was determined by the contribute area of it (the grids surrounding it), the equation is as follows (Eq. 7):
where Li,j is the L factor of grid(i,j), Ai,j-in is the effective area which flow into grid(i,j), D is the length of the grid, i,j is the coefficient of grid(i, j), the equation of i,j is as follows (Eq. 8):
where i,j is the slope of grid(i, j), m is the slope length coefficient in original algorithm of L factor of RUSLE, the equation of m is as follows (Eqs. 9-10 ):
(Eq.9) Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE where i,j is the slope of grid(i, j).
The algorithm was written in python for the ArcGIS. The result is as Figure 4b .
C factor
C factor is the surface coverage factor, which is used to describe the effect of surface coverage on the erosion. According to the definition, the value of C factor mainly depends on the size of the vegetation which control soil erosion, and it relates to the surface area's status, including surface roughness, the amount of contained water and the plant characteristics. The value of C factor ranges from 0 to 1. Smoother the surface is, less the cover vegetation, closer the value is to 1 and vice versa.
The C factor calculation in this research was mainly based on the land-use type, referencing the value based on the research of Yang et al. (2003) , as shown in Table 1 . 
P factor
The support practice factor P represents the impact of support practice, such as contour hedgerows and stripping cropping, on average annual soil erosion. Different soil erosion prevention policy has a different P value. The more effective the practice is, the closer the P value is to 0, and vice versa. At the same time, different land-use type also has a different P value. Due to limited available data, P value in this research was mostly determined by land-use type, which also is a common practice in the research using RUSLE. P value was calculated also based on the value suggested by Yang et al. Table 1 ).
The result of CP factor is as Figure 4d .
CLUEs
Land use transition
To set scenarios and predict the future soil erosion, the Conversion and Land Use and its Effect (CLUE) model was used here to simulate the land use type in certain scenarios. CLUE model is a dynamic model to predict the future land use type with a 
Demand module
Land use demand module is a relatively independent part in the CLUE model (Batisani and Yarnal, 2009 ). It calculates the change of areas for all land use type in an aggregate level. There are various alternative models for the demand module, ranging from extrapolation to social-economic model. In this research, grey model was chosen to extrapolate the future demand of all the land-use type. It is a method to do trend extrapolation. Compare to the least square method, grey model (GM (1, 1) ),which based on the grey system theory (Kayacan et al., 2010) , would generate a trend line with a gentler gradient. The detail of GM(1, 1) can be found in previous studies such as Kayacan et al. (2010) .
Demand prediction was based on the continuous 11-year (from 2000 to 2010) interpreted RS data. There are 7 land-use types in total, including water, forest, paddy land, crop land, urban and built-up land, and bare land. The area of each type was calculated by multiplying the calculated percentage with the total area of Zhuji County.
Model variables selection
Land-use map of 2001 was reclassified into 7 maps with 7 land-use types, respectively, and 2001 was set as the initial year. Each land-use type was a dependent variable in step-wise logistic regression. In this research, we selected 10 explanatory independent variables for the 7 land-use types based on the previous researches ( Table 2 However, in the binary logistic regression analysis, the 5 th factor, the distance from CBD, the beta value was too small (less than 10 -7
). As a result, it was deleted from the factors. Beta values and constants for CLUE model are shown in Table 3 .
The variables for each land-use type and the result of logistic regression are shown in Table 3 . The variable No. is as shown in Table 2 Scenario setting
According to RUSLE, soil erosion risk is mainly determined by topography, soil erodibility, precipitation in the area, land use/cover types and management measures. Since the natural conditions hardly change in a short period, in this research, only land use types were recognized as the reason cause the changing of the erosion risk.
In order to assess the soil erosion risk in the 2020, the following scenarios were set:
• Scenario 1: the county develops as the land-use planning of 2006-2020. According to the planning, the built-up area will be less than 15.33%.
• Scenario 2: the county develops as the current trend, which is simulated by GM (1,1) . The built-up area will occupy 18.86% of the whole county in this scenario.
• Scenario 3: the county will not control the city development; the built-up area will reach 25% till 2020.
In these scenarios, R factor was calculated using the data of 2009, C and P factor were calculated depending on the land use types in different scenarios.
Verification
The data of 2013 was chosen to verify the prediction of CLUEs model. Scenario 1 was chosen to be the data to compare. The results of 2013 simulated in CLUEs is shown as Figure 2a , and the interpreted data is shown as Figure 2b . We randomly pick 500 points at same locations in these two figures in ArcGIS, and compare the values. The result shows the correct rate is 87.2% (436/500).
Analysis of the impact of highway
In this research, we selected a highway started building in 1999 and completed in 2004 to study the impact of road on erosion. The location of the highway was shown in Figure 3 . Buffer zone analysis was used to analyze the influence of the highway on Fan et 
Results
The results of RUSLE factors Figure 4 shows the results of the factors of RUSLE.
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The change of erosion risk over 1984-2009
The results in Figure 5 was calculated using rainfall data of correspondent year. However, the total rainfall was different from year to year with 2004 being the year with extremely low level (Fig. 4c) . To eliminate the difference introduced by rainfall, the rainfall data of 2009, which was close to the average value of past 25 years from 1984-2009, was used to calculate the erosion risk for all years. The result was shown in Figure 6 . The erosion risk was divided into 5 ranks based on the erosion amount: Fan et tolerable (less than 1 ton/ha/year), low (1-10 ton/ha/year), medium (10-50 ton/ha/year), high (50-100 ton/ha/year) and severe (more than 100 ton/ha/year).
Figure 5. Soil erosion risk in 1984, 1994, 2004 and 2009 (with actual precipitation data)
Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE Table 4 , area with tolerable and severe erosion risk was decreasing, while area with low erosion risk was increasing. And the change of the area with medium and high erosion risk shows no clear trend. 
As is shown in
Scenario analysis
The land use maps from 2009 to 2020 were simulated using CLUEs model, and 2020-year-landuse maps in 3 different scenarios were shown in Figure 7 . Due to the government restriction on turning cropland and paddy land into urban and built-up land, and with a big proportion of forest in study area, the urban and built-up land was mainly transformed from forest in all these 3 scenarios. The plain in the middle of the county was mostly occupied by agriculture land. As a result, the urban and built-up land was hardly increased in the middle. As shown in Figure 7 , during the simulation period from 2009-2020, the urban and built-up land increased around lakes at the southeast and the west of the county, as well as the small plain located at the northwest area.
Since the topography in locations of newly urbanization part is mainly hills with high-value LS factor, once the vegetation is removed, the erosion risk will increase largely. Figure 8 shows the erosion risk under 3 different scenarios. Comparing the result of 3 scenarios, it is obvious that the erosion risk is mainly increased at the newly urbanized area, especially for the increase of the risk at high and severe level. Table 5 shows the data which compares the ratios of the erosion risk levels in 2009 and different Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE 
Discussion
Relationship between erosion and built-up area Wolman (1967) pointed out that during the construction period, the erosion amount would increase in situ, and reach to a higher value than that at the condition with natural vegetation cover. Biggs et al. (2010) studied the urban border from 1938 to 2002, and suggested that even a long period after urban and built-up, the area would be still with a high erosion rate. White and Greer (2006) had studied the relationship between urbanization and the hydrology in the watershed in California. The result showed that the runoff volume was increasing during urbanization, both for annual average and dryseason runoff volume, and the peak value was increasing as well. It indicates that the increase of impermeable surface area would affect the regional hydrological process. And the erosion would be affected by the change of the hydrology.
The process of the urbanization during 1984 to 2009 in Zhuji county is shown as Figure 9 . Because the middle and north of the county are mainly plains, the urbanization in those areas was faster than the rest of the county. From 1984 to 2009, the total urban and built-up area was increasing from 0.43% (1984) to 10.95% (2009). Fan As shown in Figure 6 , during 1984 to 1994, the erosion risk increased in the southeast of the county since the percentage of cropland transformed by forest was increasing in this district. With further economic development, the ratio of agriculture in the GDP gradually decreased, leading to more cropland transformed back to forest in the Southeast. As a result, the erosion risk was decreasing in the southeast from 1994 to 2009. In 2009, the erosion risk in the southeast hilly area was obviously lower than that of 1994. In contrast, the erosion risk in the north and northwest was higher than that of 1984, driven by the drastic urbanization from 1984-2009 in these areas. Table 4 shows that the area with tolerable erosion risk level was decreasing from 1984-2009, while the area of low erosion risk level was increasing. In stages perspective, from 1984 to 1994, the area with erosion risk level above medium was increasing sharply; from 1994 to 2009, the area with low erosion risk was increasing, while the area with tolerable erosion risk was decreasing.
Analyzed by the CP value, as the increasing of forest area and decreasing of agriculture area, the erosion risk should be decreasing in the whole area of Zhuji county. However, the data shows that the area with low erosion risk was increasing, though the maximum erosion risk value is decreasing. It indicated that the urbanize process mainly Fan et invade forest area, and though the decreasing area of the agriculture land partly transformed to forest, the other part transformed to urban and built-up area, all of these lead to the rising of the erosion risk in the whole area. Table 6 shows that the area with severe erosion risk level in urban and built-up area is increasing, while it in crop land is decreasing from 1994 to 2009. The scenario analysis shows that, the ratios of areas with high and severe erosion levels are increasing with the ratio of the built-up area, as well as the extreme value of the erosion risk. However, the changing trends are different between scenario analysis from 2010 to 2020 and real data from 1984 to 2009. This is probably because of the different way of land use change. During the 1986 to 2009, the urban and built-up land was increased mainly on the plain in the middle of the county, transforming from agriculture land including crop land and paddy land. In the simulation period from 2010 to 2020, driven by the policy of prohibition in occupying the agriculture land, the urban and built-up land is mainly transformed from forest located in the hilly area in the west and the east parts of the county, which lead to the various value of the LS factor in the calculation. Because the study area was located in the south-eastern part of China, the precipitation is plentiful for the growth of plant, which will decrease the soil erosion risk. The erosion risk is low in the area as a total. The trend from 1984 to 2009 is mainly showed in the decrease of the tolerable soil erosion risk level. Combining the data of the scenario analysis, the tolerable soil erosion risk area is decreasing during the urban area is increasing (Fig. 10) . The effect of the highway
Roads are an indispensable part of urbanization. It also influences erosion seriously. Building road will influence the stability of the soil on side slope (Grace III, 1999) . The construction sites with unpaved road surface as well as the cut areas are the sources of the erosion (Kalainesan et al., 2009 ). The spoil deposits of the road construction would also cause severe soil erosion (Dong et al., 2012) . The increase of the impervious surface and runoff through the culvert of the highway will increase the erosion risk. Meanwhile, the urban and built-up area and human activities usually increase along the road, which will further increase the erosion risk.
As the Figure 11 shows, the overall trends of erosion risk along the distance from the highway in tolerable, low and medium level were almost kept the same for 1999, 2004 and 2009. However, overall tolerable level % was highest in 1999, while the low and medium level increased in 2004 and 2009. The trends of high and severe erosion risk levels were different between before and after the highway construction, especially for the severe level. As Figure 11e shows, the severe level percentage in 2004 was much higher compared to that of 1999 before the road construction, and the percentage began to decrease when the distance from the highway reached 540 m. The curve of the high erosion risk level shows the similar trend and becomes stable when the distance meets 540 m. Meanwhile, the construction of road would accelerate the economic development nearby and increase the urban and built-up area percentage, which could potentially further increase the erosion risk. As the data in 2009 shown, 5 years after the highway completed, erosion risk became more severe than that in 1999 as a whole. In detail, compare to 1999, the percentage of tolerable level decreased, but all the other levels increased, which means the road effect on soil erosion continued after the construction completed. Figure 12 shows the percentage of the urban and built-up land in the buffer zones in 1999, 2003 and 2009. It indicates that the urban and built-up area increased after the highway was completed. After the highway constructed, the percentage of the urban and built-up area became stable when the distance from the road farther than 420 m. 
Effect of hydrology change
Urbanization will also change the land use pattern in the catchment. The increased impervious surface and the drainage network will influence the hydrology in the peri urban area significantly (Rodriguez et al., 2013) . And peak surface runoff values will increase with the urban and built-up area. Hammer (1972) found that the runoff value in the cross-sectional area in Piedmont Pennsylvania was 3.8 times larger than those in rural area. And naturally, the hydrology change affects the sediment yield and changes the erosion risk (Henshaw and Booth, 2000) .
Simulating the hydrology change by urbanization is a key step to estimate the soil erosion risk. RUSLE was used in this research is because of its convenience in acquiring data as well as it has been already widely applied in the world. In this research, the process of the hydrology was mainly simulated by the algorithm of L factor combined with the change of land use types.
We also monitored the hydrological change at the main river (Puyang River) in the study area to examine the effect of the hydrological change on the erosion during the urbanization (from 2000 to 2010) (Fig. 13) . Chart b in Figure 13 shows that before 2005 the maximum daily runoff was roughly in the same trend as the maximum daily rainfall. But after 2006, the pattern did not hold any more. Even maximum daily rainfall Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE , 2000) , as the urbanization proceeding, the surface runoff should be increasing, however, the data does not show this trend clearly. This maybe because of the location of the monitor station. The station is located in the centre of the county, which is the centre of the urbanization area, it cannot show the change of the runoff and erosion in whole watershed.
Because hydrological change caused by the change of impervious surface was not fully simulated here and the micro topography changed by constructions was kind of hided by the 30-m resolution, the effect of the urban and built-up area increasing was still not fully estimated. It should be studied in future research. 
Conclusion
This research used the RS data to analyze the land use types from 1984 to 2009 of Zhuji County, estimate the erosion risk by RUSLE, and found the area with high and severe erosion risk was increasing (from 3.23% to 6.34%) and the area with tolerable soil erosion risk was decreasing (from 71.57% to 67.58%) while the built-up area was increasing from 0.43% to 10.95%.
Comparing the 3 scenarios in 2020 which simulated by CLUE model, we found that Scenario 1, because of the least urban and built-up area (15.33%), has the lowest erosion risk. Since the simulation considering the government policy to protect the agriculture land particularly, the urban and built-up area was mainly transformed from forest in hilly area during the simulation. Transforming forest into urban and built-up Fan et al.: Estimation and prediction of the soil erosion risk influenced by the urbanization process within a county in hilly area of Southeast China, using RUSLE area lead to a higher the erosion risk than urbanizing in plain area. And the analysis of the highway impact also showed that the soil erosion risk positively correlated with the urban and built-up area. The result indicates that controlling the urban area can help manage the erosion risk. Considering the erosion risk, if people have to expand the urban and built-up area, the plain would be a better choice than the hilly area. How to balance the erosion risk and the preservation of agriculture land needs to be further studied. In this research, the effect of hydrology change was mainly simulated by the algorithm of L factor combined with the land use types (CP factor), which reflect the effect of the impervious surface area change. However, the micro topography changed by constructions was not considered here. It needs further research for more accurate estimation.
